[S. 1] Manipulation of a periodicity of oxygen vacancy
When Ca 2+ substitution rate (x) is larger than ~ 0.15, oxygen vacancy superstructure is formed S1 and the periodicity empirically shows ~ 1.5/x. When x becomes 0.20, 0.25, and 0.30, the periodicity becomes 8 unit cells (u.c.), 6 u.c., and 5 u.c., respectively and corresponding superstructure reflection positions changed (Fig. S1 ). When x = 0.25, 2θ
angle of second superstructure reflection (002) S2 . In x-ray region, n is very close to 1, and therefore ! is nearly identical to 45° (Fig. S2b) .
In general, intensity of Thomson scattering which is from structural contribution is
we only control a polarization of the incident x-ray polarization, the scattered photon's polarization always shows both σ f and π f polarizations. In this sense, when we use the π as the ! , the term, π ! • σ ! , becomes zero. This is because an angle between two polarizations' directions is orthogonal. Therefore, the structural contribution is determined solely by π ! • π ! in the π channel. When 2 = ! + ! = 90° (Fig. S2b) , π ! • π ! also becomes zero. Consequently, with π polarized light, there is little structural contribution from either reflection or diffraction near 2 = 90° (e.g. BCFO25 (002) reflection as shown in Fig. S1 ). Furthermore, we need to consider an addition polarization term in the resonant x-ray scattering, i.e., ( ! × ! ) S3 , showing the 2 × 2 polarization matrix. Diagonal terms in the matrix are proportional to isotropic form factor (i.e., 4 structural factor), which is similar effect in ( ! • ! ). Off-diagonal terms in the matrix are sensitive to detect anisotropic contributions such as spin, orbital, and charge disproportion. 
[S. 3] Subtraction of diffuse scattering
Even in diffraction condition, unexpected signals can be detected as well as pure diffraction signal. One of them is fluorescence background. It is photon energy dependent but there is little angle dependence. Therefore, if we subtract a signal from out of diffraction condition, we can remove fluorescence background. (Fig. S3b) . In π i , structural contribution is suppressed, and therefore nearly pure electronic signal can be obtained (Fig. 4b in main article). (001) reflection which is away from Brewster's angle show complicated structural contribution in both σ i and π i cases (Fig. S4 ). Complicated structural contribution is suppressed with π i in contrast to structural contribution dominant σ i case.
6 Figure S4 . (a) Red and blue colored arrow indicate the position of on diffraction and diffuse conditions of (001) reflection. RSXS profiles at on diffraction condition, diffuse condition, and their difference of (b) (001) with σ i and (c) (001) with π i
